[Purpose] The purpose of this study was to validate the characteristic of an exercise program consisting of simple exercise methods under the instruction of physiotherapists for general elderly people living in a community (general elderly group) and a frail elderly group.
INTRODUCTION
Japan ranks among the top in the world for the longevity of its people, with a forecast of the proportion of the population aged over 65 reaching 26.9% in 2020 1, 2) . The importance of preventative care has become a public health issue and the longterm care insurance system was revised to include preventative care in April 2006.
Improving physical function is one of the most important features of preventative care. Since the report by Fiatarone 3) , which demonstrated the trainability of very old people, it has been repeatedly shown that exercise has a beneficial effect on elderly people from many perspectives [4] [5] [6] [7] [8] [9] [10] . Research into the role of exercises for elderly people has focused on type of exercise (resistance training, balance training, Tai Chi, etc.), provision of exercise (group exercise, individual exercise, etc.), and target subjects. As a national direction for preventative care, three targets were established. First prevention: a named population approach is implemented as a community support project for general elderly people to be informed of the importance of preventative care. Second prevention: a named high risk approach is implemented as a community support project for specified elderly people at risk of being in need of support or care. Third prevention: a program is implemented for elderly people in need of support or care not to make their conditions worse.
Recently, various approaches aimed at preventing elderly people becoming weak and in need of care have been reported in Japan [11] [12] [13] [14] [15] [16] . These exercise approaches have been put into practice as preventative care from each of the three aspects above (first ~ third prevention), and there are reports showing effects of exercise intervention for each prevention group 11, 13, 16) . In spite of increasing numbers of reports on these approaches, there are few reports comparing the difference of each effect among the three prevention groups in reference to one exercise program.
Recent research has shown some effects of exercise on elderly people using various tools as resistance in muscle strengthening training, such as machine 12, 13) , band with weights 11, 14) , and so on. We believe that exercises should be as simple as possible for extensive practice in a community. Accordingly, we introduced a health promotion exercise program consisting of simple exercise methods 15, 16) . However, it remains uncertain what level of older people simple exercise would be best suited to.
In this study, we provided an exercise program consisting of simple exercise methods for general elderly people in a community (hereinafter called the general elderly group) and frail elderly people in need of support or care using the day rehabilitation service of a facility (hereinafter called the frail e l d e r l y g r o u p ) u n d e r t h e i n s t r u c t i o n o f physiotherapists. The purpose of this study was to validate the efficacy and the characteristics of this program for each group.
SUBJECTS AND METHODS

Subjects
Subjects in this study were elderly people living in M town, Gunma, Japan. The general elderly group totaled 76 elderly people (15 men and 61 women), living in four districts of the town, who were invited to be participants. We carried out exercise classes in each district six times over a three month period (from May to August 2006) as part of health measures for the general elderly people in this town. Physical fitness measurements were carried out at the first class and the last, and these results were made available for this study. The frail elderly group consisted of people in need of support or care using a day rehabilitation service of a facility in the town one or two days in a week, who were invited to be subjects. We carried out exercise intervention over a three month period (from August to October 2006) as part of the day services for users of this facility. Physical fitness measurements were carried out at the beginning of this intervention and after three months, and these results were made available for this study. As eligible subjects for this study, 44 general elderly persons (6 men, 38 women) and 30 frail elderly persons (10 men, 20 women) were selected.
Before the beginning of this study, all subjects received an adequate explanation of the study and gave their consent to participation. They were given medical checks and permitted to participate in this project by their doctors. The protocol of this study conformed to the Helsinki Declaration, and was approved by the Ethical Review Board of the Japanese Society of Physical Fitness and Sports Medicine.
The inclusion criteria for subjects comprised four items: 1) Able to walk for 10 meter or further without stopping (but for a safe environment they were given approval to use assistive devices for gait); 2) Not severely demented; 3) No severe diseases; and 4) The care need certification of a subject was fully independent, level of support needed or level 1 or 2 of care needed. The profiles of the subjects are shown in Table 1 .
Methods
As physical characteristics, height, weight, and body fat percentage were measured (BF-645: TANITA). As an index of muscle strength of the upper extremity, grip strength was measured using a grip dynamometer (Grip dynamometer YM 100 kg: TTM). As an index of lower extremity muscle strength, the rate of isometric knee extensor strength to body weight while restrained with a fixation belt was measured using measurement equipment for isometric strength (µTasMF-01: Anima Corp) 17) . As an index of flexibility, sitting trunk flexion was measured in long-sitting reaching forward without bending the knee (based on the Implementation Guide of the new fitness tests issued by the Sports and Youth Bureau, Ministry of Education, Culture, Sports, Science and Technology) 18) . As indices of balancing ability, static balance time for a one-leg standing with eyes open, dynamic balance using the Functional Reach Test (FRT) 19) , and functional balance using the Timed "Up and Go" Test (TUG) 20) were measured. In addition, as an index of walking ability, the 10-m walking time (at maximum preferred speed) was used. These measurements were performed twice after several rehearsals and the best values were adopted as the measurement values.
For activity, social, and psychological assessments, a questionnaire including all three indicators of the ADL index of the TMIG Index of Competence (TMIG-IC) 21) , MOS Short-Form 36-Item Health Survey (SF-36) [22] [23] [24] , and the Life-Space Assessment (LSA) 25) was administered. For SF-36, the SF-36 Japanese edition version 2 was used, and the values for the two total scales including PCS=physical component summary, MCS=mental component summary and the eight sub-scales (PF=physical function, RP=role physical, BP=body pain, GH=general health, VT=vitality, SF=social functioning, RE=role emotional, and MH=mental health) were calculated. LSA, which measures not only the extent of movement, but also the frequency of movement and any assistance needed, was evaluated to assess life-space mobility and detect changes in ADL.
All the exercises were easy to perform for every subject, and were instructed and prescribed by physiotherapists with an explanation of training (mainly for correct position and method). The main exercise program consisted of eight muscle training exercises for gross muscles in the lower legs and trunk, and five stretching exercises for the whole body (Fig. 1) .
A group exercise consisted of the main exercise program combined with postural exercises and light exercises. Main exercises were always carried out, but other exercise contents in one group exercise w e r e a l t e r e d f l e x i b l y a c c o r d i n g t o t h e circumstances of participants' physical ability or fitness level. Total time for each group exercise was approximately 20 minutes,considering fatigue. For the general elderly group, group exercises were provided in an exercise class (once every two weeks). And for the frail elderly group, group exercises were provided basically 5 days/week in the facility (except for weekends and event days), so that every person could participate in the group exercise anytime he or she visited (1-2 days/week).
As individual exercises, a physiotherapist selected 3-5 exercises from the exercises noted above, considering fitness items for each participant in which the subject scored low in the physical fitness measurement (for example, standing exercises were chosen for balance, and stretch for flexibility), and instructed participants individually. The purpose of each prepared exercise was not changed, but exercises were altered flexibly according to the participant's physical ability, fitness level, or environmental factor. All subjects were told that they should not restrict or stop, but rather should keep on doing other activities that they had been working on, and to perform the exercises as instructed as additional exercises.
One set of muscle training exercises consisted of 8-10 repetitions and one set of stretch exercises consisted of 10-20 second exercises, and the intensity was set depending on each subject's muscle strength on the basis of 12-13 RPE (Rating of Perceived Exertion) suggesting slightly hard.
The frequency (how often the participants did their exercises) and number of exercises were recorded on check sheets. For the general elderly group, the state of exercise implementation was checked by a public health nurse at every exercise class, and for the frail elderly group, by a nurse or care worker of the facility. How participants did their exercises (methods, difficulty, etc.) was checked and the intensity of exercises was reconfigured and explained by the principal author twice (one month and two months after the first instruction).
All measurements and exercise instructions were implemented by a total of 3-4 physiotherapists including the principal author. These interventions were projects commissioned by the town and the institute, and the principal author had the chief responsibility for these projects and other physiotherapists engaged in these efforts as volunteers.
A Wilcoxon signed-rank test for each group and for each item was performed for intra-group comparisons before and after the intervention, and to review the effects of this exercise intervention in each group. In addition, an inter-group comparison was performed to compare each group for knee extensor strength item before and after intervention. As a multiple comparison procedure, the Kruskal Wallis test was performed for a total of four values from each group before and after the intervention, and then a Mann-Whitney test for each group was performed for intergroup comparisons before and after intervention. SPSS 11.0 J for Windows was used for the statistical analysis. A p value of less than 5 percent was considered significant in Wilcoxon's signed-rank test and the Kruskal Wallis test, and one of less than 0.0125 percent was considered significant in the Mann-Whitney test with Bonferroni correction.
RESULTS
The period of observation was not unified in this study design. The average of period was 81.4 ± 3.0 days for the general elderly group and 90.2 ± 2.9 days for the frail elderly group, and a significant difference was observed between the groups (p=0.003).
The frequency of participation in group exercises was 1.2 ± 0.6 days/week for the frail elderly group, and was obviously higher than the general elderly group (1.0 day/fortnight).
The average individual exercise frequency was 3.4 ± 2.1 days/week for the general elderly group and 4.4 ± 1.6 days/week for the frail elderly group, and a significant difference was observed between the groups (p=0.044).
Results of physical fitness measurements of each group before and after intervention are shown in Table 2 .
For body weight, a significant decrease was observed in the general elderly group, while there was a tendency to increase in the frail elderly group. On the other hand, in both groups, significant decreases were observed in body fat percentage. At the end of the study, a significant increase in knee extensor strength was observed only in the frail elderly group. From the result of intergroup comparison of knee extensor strength, a significant difference was observed by the Kruskal Wallis test (p=0.0002). The knee extensor strength of the general elderly group was significantly superior to that of the frail elderly group before intervention (p=0.0002), but no significant difference was observed after intervention (p=0.422).
At the end of the study, in both groups, significant increases in sitting trunk flexion, FRT and one-leg standing, and a significant decrease in 10-m walking time were observed. In TUG, a significant decrease in the general elderly group, and a tendency towards improvement were observed in the frail elderly group.
Questionnaire results of each group before and after intervention are shown in Table 3 . In the general elderly group, significant increases in the scores for the MCS and MH items of SF-36 were observed. In the frail elderly group, a general tendency towards improvement and significant increases in the scores for the PCS, RP, BP, GH, VT, RE items of SF-36 and LSA were observed.
DISCUSSION
For the frail elderly group, a significant increase was observed in knee extensor strength. It was reported that the effect of muscle training was largely the result of neural adaptation over two or three months 26) . On the other hand, it was reported by Fiatarone et al.
3) that high-resistance weight training led to significant gains in muscle strength, size, and functional mobility among frail residents of nursing homes. Because there was a tendency of increased body weight in spite of decreased body fat in this study, the increase in lower extremity muscle strength of the frail elderly group was probably due to not only neural adaptation, but also to the gain in muscle volume.
As for knee extensor strength, a significant increase was observed in the frail elderly group and their muscles became as strong as those of the general elderly group. It was reported by Hirasawa et al. 27 ) that the average knee extensor strength of 36 female people in their eighties was 38.6 ± 4.9 (%BW). So, the value of knee extensor strength in frail elderly people after the intervention (35.3 ± 4.9 %BW) turned out to be close to the general average value, which is a very meaningful result. It was reported by Meuleman et al. 6 ) that resistance training led to improvements in function, particularly in those who were initially most dysfunctional. Thus, the exercise program in this study is expected to be better at improving functions of weak muscles of frail elderly people.
It was reported by Ikezoe et al. 14) that low intensity training is effective for increasing strength and maintaining balance and mobility in frail elderly persons. In their study, a band with weights was used as resistance for muscle strengthening training. And in the report of Arai et al. 13) , significant increases were observed in knee extensor strength, FRT, one-leg standing and gait speed in frail elderly persons after intervention using a machine as resistance for muscle strengthening training for three months. The results of the present study suggest that training without exercise tools as resistance would be effective for elderly people, at least for frail elderly people, if physiotherapists provide professional exercise instructions. However, it was reported by Hirasawa et al. 27) that the average of knee extensor strength of 54 females in their seventies was 45.9 ± 10.1 (%BW), which means that the knee extensor strength of the general elderly group in this study was weaker than this value both before and after intervention. Therefore, we think that increasing the burden of muscle strengthening exercises for general elderly people in the community should be a focus of future program.
As for social and psychological attitudes, mental items (MH and MCS) of the general elderly group and many items (PCS, RP, BP, GH, VT, and RE) of the frail elderly group were significantly improved. For active lives for elderly people it is important to relieve feelings of loneliness or isolation and to form a group in which subjects connect and support each other. There are many reports which have shown the effect of exercises on health-related QOL of elderly people [10] [11] [12] [13] , such as improvements of self-evaluation 11) and offering chances of communicating with others 12) . In this study, these positive results of QOL were thought to be brought about by the multiplied effects of the improvement of physical condition and daily activities.
For both groups, significant increases were observed in flexibility, balance, gait ability and QOL, which were positive results. Adherence to individual exercise was more than three days per week on the whole, which was a good result because the recommended exercise frequency on the ACSM guideline 10) is reported as two or three days a week. The importance of an individual instruction by physiotherapists was reported by Gill et al. 4) and Campbell et al. 8) . In this study, it was thought that repeated teachings of exercise by physiotherapists, who specialize in exercise instruction, were effective at communicating to participants an understanding of the exercises and increasing their desire to exercise.
The results of this study leave some clues about the characteristic of this intervention. However, in this study design, there were differences between the groups in exercise frequency, and the period of observation (length and season); therefore the changes of both groups should not be compared to each other. Accordingly, the results of this study should not be taken on faith. In future, we consider it important to continue this intervention and modify the study design for validating the effects.
